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INTRODUCTION

Crohn’s disease (CD) is an inflammatory bowel disease charac-
terized by a chronic and recurrent inflammation of the gastrointes-
tinal tract caused by an interaction of genetic and environmental 
factors(1,2). Symptoms are heterogeneous, but commonly include 
abdominal pain, weight loss and chronic diarrhea(2). Systemic 
symptoms, such as fatigue, anorexia and fever, may also occur(2). 

Radiological exams play a fundamental role in the treatment 
of CD patients and can be used during diagnostic investigation to 
determine the extent of the disease, detect complications, evaluate 
inflammatory activity and assess the response to medical therapy(3). 
Computed tomography (CT) enterography is a variation of  CT 
that allows for the evaluation of each bowel segment individually, 
without overlapping loops(4). The degree of bowel wall thickening 
can be assessed, as well as characteristics of  the mesentery and 
perimesenteric fat(5). Furthermore, the presence of  fistulas and 
fistulous tracts, abscesses, dilations and stenoses can be detected(6). 
Finally, and most importantly, the degree of inflammatory activ-
ity of CD can be determined(7). However, in order to carry out the 
exam and for its correct analysis, an intestinal contrast agent must 
be ingested via the oral route in an adequate manner. 
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The enteric contrast agent must not only enable the detection 
of bowel wall changes, but also ensure optimal luminal distension, 
which differs from the requirements of  conventional CT(8). The 
main contrast agents are positive, such as barium sulfate and iodine, 
and neutral, such as water, water with methylcellulose, barium with 
sorbitol, milk, polyethylene glycol (PEG), or VoLumen(9). PEG 
exhibits good action in the gut, good acceptance by patients and 
lower side-effect indices(10,11).

Studies are diverse regarding the best contrast agent and the 
ideal volume for adequate small bowel distension in CT enterog-
raphy(12). Thus, the objective of the present study was to compare 
the quality and acceptance of two different volumes of PEG-based 
oral contrast for CT enterography among CD patients.

METHODS

Study design and patient selection
A cross-sectional observational study of  62 CD patients 

submitted to CT enterography was conducted. The sample size 
was based on the number of  CD patients attending our service. 
All patients who underwent examination at the time of collection 
were invited to participate in the study. The collection period was 
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from January 2015 to July 2016. The intention of the exam was 
to assess the inflammatory process or the presence of complica-
tions, such as stenosis, abscess or fistula located in the small bowel. 
Inclusion criteria included confirmed CD according to clinical, 
endoscopic and radiographic parameters, and an age above 18 
years. Exclusion criteria were an inability to ingest the contrast 
agent via the oral route, creatinine >1.5 mg/dL, presence of chronic 
renal failure, pregnancy, or allergy to the ionic contrast or to PEG. 
The study was approved by the Research Ethics Committee of 
Botucatu Medical School, São Paulo State University (CAAE: 
34584114.5.0000.5411), Brazil, and a written informed consent 
was signed by all subjects before inclusion.

Clinical assessment (performed by a gastroenterologist)
The Crohn’s Disease Activity Index (CDAI) was used to as-

sess the disease activity in patients(13). The Montreal Classification 
was used to classify the disease according to the age at diagnosis, 
disease location and presence of complications such as stenosis, 
fistula, or perianal disease(14).

Randomization and CT enterography protocol 
Patients were consecutively divided into two groups that re-

ceived different volumes of oral contrast agent. The agent consisted 
of 78.5 g PEG, which was diluted in either 1,000 mL or 2,000 mL of 
water. The total volume was ingested over 60 minutes in 15-minute 
intervals. Patients received 20 mg of  scopolamine butylbromide 
intravenously 45 minutes after preparation. Examinations were 
performed using a 16-slice multidetector tomograph (Activion, 
Toshiba Medical Systems Corp., Tokyo, Japan). After preparation, 
imaging was performed by injecting intravenous non-ionic iodine 
contrast, varying between 1.5 mL and 2.0 mL/kg, not exceeding 
150 mL, using a pump injector at a rate of  3.0 mL/s(15). Images 
were acquired 60 seconds after contrast injection, beginning with 
slices above the diaphragm and ending at the pubic symphysis(16). 
The following parameters were used: mA modulation 10–300, 120 
kVp, volume 2 mm x 1 mm, rotation time 0.75 seconds, axial slice 
thickness 5 mm x 5 mm. After image acquisition, the volumes ob-
tained of 2 mm x 1 mm slices were reconstructed in a coronal and 
sagittal maximum intensity projection (MIP), at 5 mm thickness 
and 3 mm intervals.

Evaluation of the quality of examination
Images were assessed by an experienced CD radiologist, blinded 

for the patient group. The following parameters were analyzed: 
a) adequate filling of bowel segments (jejunum, ileum, ascending 
colon, transverse colon, descending colon, and rectosigmoid); 
b) number of  filled segments (1–6); c) luminal distension of the 
bowel (adequate ≥2 cm vs inadequate <2 cm)(17,18); d) small bowel 
wall thickness (≤4 mm vs >4mm)(19); e) presence of disease activ-
ity (jejunum, ileum, terminal ileum, appendix, ascending colon, 
transverse colon, descending colon, rectosigmoid); f) presence of 
complications (fistula, stenosis, intestinal obstruction, abscess, and 
intestinal dilation); g) presence of comb sign.

Adequate filling was based on the amount of oral contrast agent 
in the intestine. Adequate filling was considered when the number 
of filled segments was above four. Adequate small bowel disten-
sion requires an oral contrast agent, which should cause uniform 
intraluminal attenuation, highlighting the contrast between the 
luminal content and the bowel wall. Disease activity was based on 
the bowel wall thickness, presence of comb sign or the presence 

of complications. Intestinal obstruction was considered at a loop 
dilation diameter >2.5 cm, the presence of an air-fluid level, and 
disproportion regarding the distal loop segment(20). Fistula was 
classified as internal fistula (enteroenteric, enterovesical, enterovagi-
nal) or external fistula (enterocutaneous). Comb sign was defined 
as the presence of engorged vasa recta penetrating the bowel wall 
perpendicular to the lumen(21).

Evaluation of acceptance and tolerance of the  
contrast agent

Acceptance and tolerance of the contrast agent was assessed by 
a questionnaire, which inquired about the taste of the neutral oral 
contrast, ease of ingestion, total time of ingestion. The answers to 
these questions could be easy, moderate, difficult and very difficult. 
The presence of side effects such as nausea, vomiting, abdominal 
pain and malaise was evaluated and was classified according to its 
intensity in low, medium or high intensity. If the responses obtained 
were easy for ingestion, flavor, total time of ingestion, and absence 
or low frequency and intensity for side effects, the preparation was 
classified as good acceptance and good tolerance. 

Laboratory examinations
C-reactive protein (CRP) value was used to assess disease 

inflammatory activity. 

Statistical analysis
The population was submitted to a descriptive analysis by cal-

culating the mean and standard deviation or median and quartiles 
for quantitative variables, and frequency and ratio for qualitative 
variables. Comparative analysis was performed by means of analy-
sis of variance (ANOVA) or the Fisher’s exact test when needed. 
Continuous variables were compared using ANOVA and a general-
ized linear model and gamma distribution. Statistical significance 
was set at P<0.05. Analyses were performed using SAS software 
for Windows, version 9.3.

RESULTS

A total of  62 patients were included in the study. Four were 
excluded for not fully completing the examination. Data from 58 
patients were included in the final analysis, with 29 allocated to 
each group. Stricturing disease was most prevalent in the 2,000 
mL group (P=0.04) (TABLE 1).

Strictures were diagnosed in 39.7% (n=23) of patients, dilation 
in 37.9% (n=22) (FIGURE1), comb sign in 27.6% (n=16), fistula in 
22.4% (n=13) (FIGURE 2), and abscess in 13.78% (n=8) (FIGURE 
3), showing no statistical difference among groups (P>0.05).

There was no statistical difference between the quality of 
examinations in the two different contrast agent volume groups. 
Adequate filling of the ileum was found in the majority of patients 
studied, with no difference between groups (P=0.83). Colon seg-
ments did not exhibit adequate filling, even in the 2,000 mL group 
(TABLE 2). There was no statistical difference in the number of 
filled segments between groups (P=0.58). Images of  the quality 
of examinations and visualizations of the disease complications 
in the two different contrast agent volume groups can be seen in 
FIGURES 1 to 9.

In the comparative analysis of  acceptance and tolerance, no 
difference was found between the different volumes of oral contrast 
agent. However, the presence of side effects was more frequent in 
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TABLE 1. Clinical characteristics of patients according to oral contrast 
agent volume.

1,000 mL 
(n=29)

2,000 mL 
(n=29) P

Age in years, mean (SD) 43.5±15.3 40.5±13.0 0.42

Gender female, n (%) 20 (69.0) 14 (48.3) 0.20

Montreal classification, n (%)

Age at diagnosis

   A1: <17 years 5 (17.3) 2 (6.80)

0.22   A2: between 17 and 40 years 15 (51.7) 22 (75.9)

   A3: >40 years 9 (31.0) 5 (17.3)

Location of the disease

   L1: ileal 11 (37.9) 9 (31.0)

0.78   L2: colonic 1 (3.45) 2 (6.90)

   L3: ileocolonic 17 (58.6) 18 (62.1)

Disease behavior

   B1: inflammatory 13 (44.8) 8 (27.6)

0.04   B2: stricturing 12 (41.4) 19 (65.5)

   B3: penetrating 4 (13.8) 2 (6.90)

Perianal disease, n (%) 11 (37.9) 13 (44.8) 1.0

Biologic therapy treatment, n (%) 17 (58.6) 20 (69.0) 0.53

Clinical disease activity, n (%) 9 (31.0) 11 (37.9) 0.46

Changes in CRP, n (%) 19 (65.5) 15 (57.7) 0.55
SD: standard deviation; CRP: C-reactive protein (mg/dL).

FIGURE 1. Male patient, 28 years old, presenting with jejunum Crohn’s 
disease with stenosis and dilation of the small bowel, in the coronal.

FIGURE 2. Female patient, 24 years old, presenting with ileocolonic 
Crohn’s disease with enterocutaneous fistula. 

FIGURE 3. Male patient, 44 years old, presenting with ileocolonic Crohn’s 
disease with an abscess in the ascending colon.

TABLE 2. Comparative analysis of the quality of the examination  
according to oral contrast agent volume.

1,000 mL 
(n=29)

2,000 mL 
(n=29) P

Adequate luminal filling, n (%)
   Jejunum 12 (41.4) 12 (41.4) 1.00
   Ileum 23 (79.3) 24 (82.8) 0.83
   Ascending colon 16 (55.2) 13 (44.8) 0.29
   Transverse colon 9 (31.0) 12 (41.4) 0.64
   Descending colon 9 (31.0) 6 (20.7) 0.46
   Rectosigmoid 3 (10.4) 2 (6.89) 1.00

Number of filled segments, n (%)
   0 1 (3.45) 0 (0.00)

0.58

   1 5 (17.3) 11 (37.9)
   2 13 (44.8) 10 (34.5)
   3 4 (13.8) 4 (13.8)
   4 4 (13.8) 2 (6.90)
   5 1 (3.45) 1 (3.45)
   6 1 (3.45) 1 (3.45)

Adequate luminal distension, n (%) 7 (24.1) 9 (31.0) 0.45
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FIGURE 4. Male patient, 18 years old, ingestion of 1000 mL, with 
adequate intestinal filling.

FIGURE 5. Male patient, 18 years old, ingestion of 2000 mL, with 
adequate intestinal filling.

FIGURE 6. Female patient, 62 years old, ingestion of 2000 mL with 
good acceptance and adequate intestinal filling.

FIGURE 7. Female patient, 62 years old, ingestion of 1000 mL with the 
presence of nausea, and adequate intestinal filling.

FIGURE 8. Male patient, 35 years old, ingestion of 1000 mL, presenting 
with ileocolonic Crohn’s disease with fistula.

FIGURE 9. Female patient, 28 years old, ingestion of 2000 mL, presenting 
with ileocolonic Crohn’s disease with stenosis.
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the 2,000 mL group (P=0.06) (TABLE 3). The most commonly 
reported side effects were nausea (n=5), diarrhea (n=3), abdominal 
pain (n=2), and vomiting (n=1). FIGURE 1 shows that the two 
volumes of preparation identify the complications of the disease.

indicating that a larger volume does not necessarily imply more 
adequate filling. As for intestinal distension, only 16 patients ob-
tained adequate distension regardless of volume. Barlow et al.(31) 
showed that inadequate distension can be caused by the incomplete 
ingestion of  the contrast agent, a delay in the execution of  the 
examination after ingestion of the contrast agent, retention of the 
contrast agent in the stomach or in the initial portion of the small 
bowel, or by rapid intestinal transit caused by disease activity. In 
the present study, the delay in the execution of the examination, and 
prolonged time of ingestion of the contrast, may have interfered 
with the quality of  intestinal distension in some patients. More 
than 30% of patients who received 2,000 mL of the contrast agent 
exhibited difficulties ingesting the total volume due to discomfort 
caused by the large volume. 

Side effects were more frequent in the 2,000 mL group, with 
no statistically significant difference (P=0.06). However, 31% of 
patients in the 1,000 mL group also exhibited side effects, which is 
a considerable amount considering the small volume of contrast 
agent. This can be explained by disease activity, confirmed by the 
presence of symptoms, changes in CRP values, and by the presence 
of disease complications, such as stenosis, dilations, and fistulas. 

There are other methods prescribed for the diagnosis and 
follow-up of CD, including CT enteroclysis, capsule endoscopy, 
colonoscopy, conventional abdominal CT, and magnetic resonance 
enterography (MRE), with each presenting advantages and disad-
vantages. One advantage of capsule endoscopy is the analysis of the 
entire gastrointestinal tract. However, capsule is prohibited in cases 
of suspected intestinal obstruction(20). CT enteroclysis promotes a 
more efficient intestinal distension, especially of  the duodenum 
and jejunum. However, it is less accepted by patients owing to the 
need to pass an enteric tube for preparation(32). Wold et al.(33) found 
no difference in the quality of intestinal distension promoted by 
CT enteroclysis and CT enterography. Siddiki et al.(34) compared 
MRE to CT enterography and found that both methods exhibited 
sensitivity regarding diagnosis of  complications such as fistulas 
and abscesses. However, fistulas in the perianal region were better 
visualized with MRE(15). 

The MRE is indicated to evaluate the complications of CD such 
as the presence of fistulas and identification of the fistulous pathway, 
presence of stenosis and differentiation between inflammatory steno-
sis versus fibrotic stenosis and has the advantage of the absence of 
radiation when compared to CT enterography(20,35) MRE is recom-
mended in patients with inflammatory bowel disease, especially in 
those with Crohn’s disease, due to the chronic nature of the disease 
and the frequent need to perform the exam. In the present study, 
the MRE was not the exam of choice due to the unavailability of 
the exam in the service and the high cost associated with the exam. 
The advantages of the CT enterography are the practicality of the 
exam and the lower cost, which is why it was the exam chosen for 
the evaluation of transmural complications of CD in this research.

There are some limitations to CT enterography in the diag-
nosis and follow-up of  CD patients. First, small lesions of  the 
intestinal mucosa, including exulcerations and ulcers, are usually 
not detected. Second, patients are submitted to ionizing radia-
tion(36). Indeed, most of  these patients are young and many will 
have to repeat the examination several times during the course of 
treatment. Thus, it is important to limit the use of tomography in 
order to reduce radiation exposure. The care taken in the present 
study regarding a lower exposure to radiation included the use of 
modulated mA, a single phase of  examination acquisition, and 

TABLE 3. Comparative analysis of acceptance and tolerance according  
to oral contrast agent volume.

1,000 mL 
(n=29)

2,000 mL 
(n=29) P

Easiness of ingestion, n (%) 19 (65.5) 11 (37.9) 0.07
Adequate taste, n (%) 12 (41.4) 15 (51.7) 0.30
Adequate time of ingestion, n (%) 21 (72.4) 17 (58.6) 0.22
Presence of side effect, n (%) 9 (31.0) 15 (51.7) 0.06

DISCUSSION

In recent years CT enterography has been widely used for the 
diagnosis and follow-up of CD due to its sensitivity in the detection 
of  tissue inflammation, complications of  the disease, structural 
changes and transmural scarring, which is a parameter for tissue 
response to clinical treatment(21,22,23).

The oral contrast agent used in CT enterography is considered 
to be an essential factor in the quality of  the examination and, 
thus, for correct diagnosis of  the disease and its complications. 
Inadequate preparation creates several problems, such as higher 
costs, exposure to radiation, distress to the patient, and the need 
for exam repetition(24,25).

A great variety of oral agents were used in CT enterography. 
Water is an acceptable agent for the proximal bowel. However, 
water is normally absorbed in the distal small bowel and becomes 
inefficient in the opacification and luminal distension of this seg-
ment. Thus, agents presenting higher osmotic pressure or that retain 
luminal fluid, such as methylcellulose, PEG, or sugar retainers, such 
as sorbitol and lactulose, are most appropriate for studying the 
bowel(9). D’Ippolito et al.(10) compared three oral contrast agents 
(water, milk and PEG) and found the best bowel distension was 
obtained using PEG. However, this contrast agent was not tolerable 
due to the diarrhea presenting in 80% of assessed patients. Wong 
et al.(26) compared two commonly used oral agents in the United 
States: VoLumen and mannitol, and found that both provided 
adequate bowel distention and few side-effects. However, VoLumen 
is little used in our country and not often available. Zheng et al.(27) 
compared two oral preparations: mannitol and PEG and analyzed 
the quality, tolerance and acceptability of  the preparations. In 
total, 70 patients were included, 35 in each group. Both prepara-
tions showed good intestinal distention and good visualization of 
the intestinal wall, however adverse events like nausea were more 
frequent in the PEG group.

Several studies describe good results for luminal filling and 
distension using contrast volumes ranging from 1,000 mL to 1,500 
mL, regardless of the oral contrast agent used(28,29,30). Few studies as-
sessed volumes above 1,500 mL, which could provide better results 
regarding luminal filling and distension and improve diagnosis of 
CD complications. However, larger volumes promoted no improve-
ment in distension and were more prone to provoking side effects 
such as nausea and vomiting, as observed in the present study. 

In the present study the PEG contrast was efficient for the 
examination, regardless of the volume. There was no statistically 
significant difference between groups regarding segment filling, 
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good patient positioning and orientation. The arterial phase of CT 
enterography proved to be unnecessary(37). If  available, the use of 
MRE is recommended in these patients. It is important to note that 
the research led to the implementation of the Entero-TC protocol 
at the clinic hospital, further improving the care for patients with 
inflammatory bowel disease.

We concluded that the quality of  CT enterography was not 
influenced by contrast volume. Despite this, there is no difference 
between acceptance and tolerance rates among contrast volume, 
but the 1,000 mL group exhibited a lower occurrence of side effects.
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RESUMO – Contexto – A doença de Crohn (DC) é uma doença inflamatória intestinal caracterizada por uma inflamação crônica e recorrente do trato 

gastrointestinal causada por uma interação de fatores genéticos e ambientais. Objetivo – Comparar a qualidade e aceitação de dois volumes diferentes 
de contraste oral para enterografia por tomografia computadorizada em pacientes com doença de Crohn. Métodos – Um estudo transversal foi con-
duzido em 58 pacientes com doença de Crohn que receberam aleatoriamente um agente de contraste oral composto por 78,75 g de polietilenoglicol 
diluído em 1.000 mL ou 2.000 mL de água. Um exame foi realizado para avaliar a presença de inflamação ou complicações no intestino delgado. As 
variáveis incluíram a qualidade do preenchimento do segmento intestinal e distensão luminal e aceitação e tolerância do contraste oral nos pacientes. 
A análise estatística incluiu estatística descritiva e testes de associação. Resultados – Foram avaliados 58 pacientes, dos quais 58,6% eram mulheres, 
34,5% apresentavam doença clinicamente ativa e 63,8% estavam recebendo terapia biológica. Quanto à análise comparativa entre os dois diferentes 
volumes de contraste oral, não foi encontrada diferença estatisticamente significativa em relação ao enchimento da alça intestinal (P=0,58) e distensão 
luminal adequada (P=0,45). Pacientes que receberam um volume maior (2.000 mL) exibiram efeitos colaterais com mais frequência (51,7% vs 31,0%; 
P=0,06) e tiveram maior dificuldade para ingerir o agente (65,5% vs 37,9%; P=0,07) em comparação com um volume de 1.000 mL. Conclusão – A 
qualidade da entero-tomografia computadorizada não foi influenciada pelo volume de contraste. No entanto, aceitação e tolerância foram melhores 
no grupo de 1.000 mL. 

Palavras-chave – Agente de contraste; doença de Crohn’s; polietilenoglicol; tomografia.
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